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17 in.
Diameter

Pacent Balanced Cone $22.50 The Electric Pick-Up

$12.50
complete

Pacent Phonovox

PACENT Parts and
Accessories Meet Every
Radio Requirement

IN SPECIFYING or using radio parts and acces-
sories made by Pacent, you have the
satisfaction and confidence in knowing that they
represent the most advanced engineering design
and are of unquestioned quality.

Among the leading Pacent products that are
the outstanding popular choice of engineers, ex-

erimenters or radio listeners are the Pacent
%ransformers used by several of the leading set
manufacturers and designed in a full and com-
pleteline including push pull, filament, and power
and the famous audio transformers for present
day and amplifying requirements; the Pacent
Balanced Cone which has established new stand-
ards in radio reproduction and the Pacent Phono-
vox which utilizes the radio set to electrify a
phonograph—the biggest sensation of the year.

Pacent products may be obtained at all good dealers.
Write for descriptive literature on the items you are
interested in.

PACENT ELECTRIC COMPANY, INC.

91 Seventh Avenue, New York

Manufacturing Licensee for Great Britain
and Ireland

Igranic Electric Co., Ltd., Bedford, England
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Pacent Transformers
Shielded 87.50

2ha

Pacent Rheo:tét;
65c in _all Capacities

G e

Pacent Push Pull Transformers

816.00 per pair

Pacent Auto Plug
6oc
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THE SYMBOL OF SERVICE

OUR SERVICES ARE AT
YOUR COMMAND

®

The pioneer house of Continental is glad to
place its extensive merchandising facilities at the
. command of the buyers, enginee/rs,' and other

members of the Radio Club of America. Through
~ this dependable service, built up during years of

steady growth, Continental is able to recommend
~ members to reliable dealers in their districts or
to arrange for their securing such radio materials
and merchandise as they need. '

The names of dealers in your vicinity and any
other information you may desire will be cheer-
fully supplied on request.

Continental Radio & Electric Corp.
160 Varick Street New York City
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Apgplication of the Four«"ﬂEleCtmd;e
Receiving Tube (UX-222)

By Alan C. Rockwood
and

B. J. Thompson

Research Laboratory, General Electric Co.

A Paper Delivered before the Radio Club of America, February 8, 1928

sider the actual performance
of the ux-222 and to com-
pare this with the ux-201-A.
At broadcast frequencies in
carefully designed amplifiers
using the ux-222 amplifications
of 40 to 50 per stage have been
obtained with complete stabil-
ity. With the ux-201-A in
neutralized circuits and with
the best transformers, an am-
plification of about 10 per
stage is the practical limit. At
‘affrequency of 20,000 kilo-
cycles (15 meters) amplification
of 10 to 15 per stage is ob-
tained from the ux-222. It is
practically impossible to ope-
rate [the Ux-201-A as a radio-
frequency amplifier in the
short-wave bands, because of
oscillation even with careful
neutralization. In the interme-
diate frequencies, 40 to 100
K.C., amplification from 100
to 150 per stage may be obtain-
ed from the ux-222 while 20
to 40 is the best that may be
done with the ux-201-a.
While 45 volts is the recom-

]T will be of interest to con-
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mended voltage for the screen-~
grid tube for all such uses as
those just described, increasing
it to 67.5 volts will usually
result in a slight increase in

- amplification although this is

not advised in most cases as it
results in increased plate cur-
rent. While 9o volts will
usually be a satisfactory plate
voltage, the use of 135 volts
results in increased amplifica-
tion and better performance;
this voltge should not be ex-
ceeded. In nearly all cases a
negative control grid bias of
about 1.5 volts should be used.

Where resonant impedances
are used in the load circuit
the plate resistance of the tube
operating into the load acts as
a shunt across this load, and
hence affects the sharpness of
the tuning, or the selectivity.
The ux-222, with a plate
resistance of 850,000 ohms,
acts as a very high resistance
shunt, and consequently gives
greater selectivity than a tube
having lower plate resistance.

Another important use of
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the ux-222 as a screen-grid tube is in resistance-coupled
amplifiers. Here again it is possible to realize considerable
amplification by the use of high impedance loads, while
the low feed-back capacity makes possible amplification
at higher frequencies than with three-electrode tubes.

It must not be supposed, as might at first seem the case,
that by using an 800,000-0hm resistance in the load circuit,
an amplification of 150 per stage will be obtained. To do
this would require over 1300 volts B supply due to the high
d.c. voltage drop in the load resistance. By examining Fig,
15, the effect of this will be seen. This diagram presents a
family of plate characteristics of the ux-222 taken at 45
volts on the screen. If it be assumed that the B supply
voltage is 180 volts and that the load resistance is to be
250,000 ohms, the line A—B represents the voltage-current
curve for the load, passing through zero current at 180
volts. The intersection of this load resistance line with the
plate characteristic of the tube indicates the operating
voltage and current of the tube for the grid bias correspond-
ing to the curves used. It will be seen that, with all biases of
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FIG. 17

less than 4.5 volts negative, the tube operates at such a low
plate voltage that the amplification factor is negligible.
With negative 6 volts bias on the control grid the mutual
conductance of the tube has dropped off so much that the
amplification is only about 40 per stage.

Fig. 16 shows a similar family of curves taken with 22.5
volts on the screen. It will be noticed here that the tube
operates satisfactorily with only 1.5 negative volts grid
bias. Under these conditions, the amplification is again
about 40 per stage.

Fig. 17 shows an equivalent circuit for a resistance-
coupled amplifier. Here:

Cp = Cpg + Cpf + Cps

when Cpg is the plate-grid capacity of the tube, C ,, the
plate-screen capacity, and Cpr the plate-filament capacity,
all including wiring capacities. Also:

Cg = C’gs + Clgt + Cl'gp (Av + 1)
where C’g is the capacity between grid and screen of the

TABLE NO. 2

ScREEN-GRID RESISTANCE-COUPLED UX-222
Filament Voltage (Ex) - 3.3
B Supply Voltage (Eb) 180
Series Loud Resistance(Rp) 250,000 Ohms
Control-Grid Voltage (Ec: —I1.5
Screen-Grid Voltage (E.. +22.5
Plate Current (Ip, 03  mA.
Plate Resistance (rp) 2 Megohms
Mutual Conductance (gm) 175 Micromhos
Amplification Factor (u) 350
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next tube in the amplifier, C'y the grid-filament capacity,
C’gp the grid-plate capacity, and A, the voltage amplifica-
tion, all of the next tube. C is the blocking condenser, while
R and R, are the plate and grid coupling resistors. The
value Cq is the effective grid capacity shunted across the
load resistance of the preceding stage and serves to reduce
the amplification of the high frequencies, due to its by-

‘'passing effect. The gain in fidelity due to the reduction of

the effective grid-plate capacity of the amplifier tubes will
be appreciable. The ux-222, for example (Coe = 0.025
mmfd. max.) will have a value for Cq of 9 mmfd. as com-
pared with that of 200 mmfd. for the ux-240 (Cp =
9 mmfd.) )

It must be understood that these capacity values neglect
the external portion of Cpg due to capacity coupling be-
tween the plate and grid circuit wiring. It is easy, unless

care is taken in laying out the parts, to set up an audio-

TABLE NO. 3
SpACE-CHARGE-GRID UX-222
Filament Voltage (Ex) 3.3
B Supply Voltage (Eb) 180.
Series Load Resistance (Rp) 250,000 Ohms
Control-Grid Voltage (E..) o-3-1}
Space - Charge - Grid
Voltage (Ecx) +22.5
Plate Current (Ip) 0.3 mA.
Plate Resistance (rp) 150,000 Ohms
Mutual Conductance (gm) 400 Micromhos
Amplification Factor (u) 60
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frequency amplifier that will have an input capacity of 50
to 100 mmid. as a result of a Cpg of approximately 1 mmfd.
in the circuit extérnal to the tubes. In Fig. 18 is shown a
comparison of two such amplifier circuits using the same
open layout in each case with reasonable precautions to
avoid coupling between tubes. The improvement in fidelity
resulting from the characteristics of the ux-222 is evident,
as well as is the increased voltage amplification. If greater
fidelity is desired the use of shielded amplifier stages is
desirable. .

Fig. 19 is a circuit diagram for a two-stage amplifier us- -
ing ux-222’s with a ux-171 output tube. The voltages and

constants given in Table No. 2 (page 42) are recommended
for ordinary audio amplifiers. Increased amplification may
be obtained by using a higher B-supply voltage and making
the proper adjustment of the screen voltage.

Resistance-coupled amplifiers for special purposes have
been built using.the ux-222, and then give satisfactory
amplification at more than 50,000.cycles.

INPUT
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very close to the outer grid, and then fall back to the inner
grid. The ones which fall back are replaced by others, so
that there is a continuous cylinder of electrons very close
to the outer grid. This has the effect of a cathode placed
very close to the outer grid, giving low plate resistance.
The amplification factor between the outer gtid and the

AS A SPACE-CHARGE-GRID TUBE T
PACE-CHARGE-GRID tubes are the result of the
work of Langmuir in this country and by Schottky Ze
and Barkhausen abroad. While, as before mentioned, the ‘ ~—] N A e
Ux-222 was not designed primarily for this purpose, it may T NN
be operated as a space-charge tube with satisfactory results. ~ N
If a two-grid tube is connected, as shown in Fig. 20, ! RG]
with the inner grid at a positive voltage and the outer grid !
at a negative bias, electrons are drawn away from the fila- 7 A i
ment by the inner grid and thrown out into the space be- i Al e .
tween the two grids. Most of these electrons come to a stop i
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plate is only slightly affected by this, so that the result is
high mutual conductance.

Space-charge tubes have been popular in Europe where
low operating voltages and a small number of tubes were
desired. In America, where there is a demand for the multi-
tube receivers, and where power tube operation of loud
speakers has necessitated high plate voltage, there has been
little demand for such a tube.

The ux-222 operated as a spate-charge tube is somewhat
different from many of the European tubes. It is a high
amplification factor tube requiring moderately high volt-
ages to operate it. Its advantage is higher gain per stage
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than is practicable with three-electrode tubes, due to higher
mutual conductance.

Figs. 21 and 22 give the static characteristics of the ux-
222 space-charge tube. They differ little from those of three-
electrode tubes, with the exception of the added inner grid
current, and the high mutual conductance for a tube of such
a high amplification factor. .

The ux-222 space-charge tube may be operated the same
as any three-electrode tube having high amplification factor.
The most important use for such tubes is in resistance- or
impedance-coupled audio amplifiers. Such an amplifier is
shown in Fig. 23. A B-supply voltage of 135 to 180 volts
with a coupling resistance of 0.1 to 0.3 megohm is recom-
mended. Suggested operating conditions and the resulting
tube constants are given in Table No. 3 (page 42)

Due to the high capacity between outer, or control, grid
and plate, the amplification of such an amplifier falls off at
high frequencies. This is shown in Fig. 24, which is a curve
of amplification against frequency for the amplifier of Fig.
23 and Table No. 3. The gain in amplification over the
UX-240 is also shown.

Over one hundred circuits are known to have been de-
veloped using the space-charge tube in various combina-
tions of reflex, double regenerative, and similar circuits.
Among these are included a large number making use of
the negative change of the space-charge grid current with
the plate current upon variation of control grid bias. It
is doubtful, however, if the greater part of these circuits
produce the results as effectively or economically as less in-
volved circuits using a greater number of lower priced tubes.
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ISOLANTITE
A Tried, Tested and Approved Insulator for
Grgater R. F. Efficiency

ISOLANTITE‘ is a highly refined, scientifically processed ceramic of excep-
tional merit for high-fkequency insulation applications. It is non-porous,
low in electrical losses evel at extreme frequencies, strong mechanically, and

is produced in a wide rangd of sizes and designs to your specification.
{I Let us qyote on your Insulating Parts]}

ISOLANTITHB COMPANY of AMERICA

Naw York Sales Offices

551 FIFTH AVENUE NEW YORK, N. Y.

AT YOUR SERVICE

For years the organization of\R. H. McMann, Inc., has been
engaged in supplying the requjrements of radio amateurs and
radio broadcast listeners. From dpark gaps and glass condensers,
to shielded grid tubes and cofe speakers, this organization,
through its many dealers, has supplied the needs of those inter-
ested in radio in all its branches.

Today, more than ever, this organiztion is prepared to give you
the benefit of years of conscientiolds effort and experience in
meeting radio demands. We are at ydur service. Let us put you
in touch with a reliable radio dealer in\your territory.

R. H. McMANN) INC.

12 Warren Street New York City
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RCA Radiolas and Radiotrons
RCA Standards of Performance

PVON

TO THE MEMBERS OF
THE RADIO CLUB OF AMERICA:

I Come to the “Big Little
Store” to buy your RCA Radi-
olas and Radiotrons.

Why, yes, we know our bus-
iness and are qualified to install
and service all other makes of
I radio sets. Try us.

TAGGS RADIO SERVICE
126 West 72nd Street New York, N. Y.
Telephone: Endicott 6440

Short-Wave Radio Apparatus

has for the past four years
, manufactured the most com-
plete line of equipment for you
" short wave enthusiasts.
Among Our Betler Known Products Are

Transmitting Inductances
TYPE “L” 40—80 and 150 Meters.
TYPE ¢S’ 20—40 Meters and Lower.

l Price Single Units with 3 Clips $5.50

Double Units with 6 Clips
and 2 Glass Rods as Shown. $1 1.00

RADIO ENGINEERING LABORATORIES
L. L. City, New York

100 Wilbur Ave.
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!
RARIO /J TUBES

‘ ‘The Name Means
Everything

Strict vigilance guards
the acknowleyged high
standards ok these
tubes with an\ever-
increasing efficiegcy of
performance

E. T. Cunningham, \Inc.
New York Chicégo San Fraucisco




RADJIOTRON
UX- 250

- The Newest Power Radlotron, w1th a Max1mum
Undistorted Power Output of
4650 milliwatts

The UX-250 has a lower plate resistance than power ampli-
fier Radiotrons heretofore offered. This low plate resistance is
particulary desirable for use with present day loudspeaker driv-
ing mechamsms which usually have a relatlvely low impedance.

The characterzstzcs of the UX-250 are as follows;

Recommended Maximum

Plate Voltage 250 300 350 400 450  Volts

Negative Grid Bias - - 45 54 63 70 84 “

Plate Current 28 35 45 55 55  Milliamp.

Plate Resistance (A-C) 2100 2000 1900 1800 1800 Ohms

Mutual Conductance 1800 1900 2000 2100 2100 Micromhos

Volt. Amplification Factor 3.8 3.8 3.8 3.8 3.8 .....

Max. Undistorted Output 900 1500 2350 - 3250 4650 Milliwatts ?
Filament.......... 7.5 Volts...........1.25 Amperes &g
Max. Overall...Height 614 in...Diameter 2 11/16 in.
Base......, et ceneaeaaa Large RCA Standard UX

RADIO CORPORATION OF AMERICA
New York Chicago San Francisco

RCA Radiotron

MADE BY THE MAKERS OF THE RADIOLA

i ,4:,,()«“4‘».{’&@




